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COMPRESSOR UNIT, REFRIGERATION
CIRCUIT COMPRISING THE SAME AND
METHOD OF OPERATING A COMPRESSOR
UNIT

The present invention relates to a compressor unit for use
in a refrigeration circuit, a refrigeration circuit comprising a
compressor unit and a method of operating a compressor
unit.

Conventional refrigeration systems use compressors for
compressing a refrigerant circulating therein. Sometimes
large Alternating Current motors are used to drive such
compressors. When starting up such large AC motors, the
transient 1nrush current can get very high which 1s undesir-
able. Therefore, often costly transformers have to be pro-
vided at the grid voltage side

Accordingly, 1t 1s desirable to provide a compressor unit
for use 1n a refrigeration circuit in which high inrush currents
during start-up are reliably avoided, while making the com-
pressor unit mexpensive and highly eflective when runming
at Tull speed.

A compressor unit for use 1 a relfrigeration circuit,
according to exemplary embodiments of the invention,
comprises at least two compressors; and a common variable
frequency drive, configured to be connected to a three phase
orid voltage supply; each compressor having an inlet port
configured to be 1n refrigerant communication, via a suction
line, with an outlet of an evaporator; an outlet port config-
ured to be 1n refrigerant communication, via a pressure line,
to an inlet of a condenser; a compressor motor, particularly
an alternating current induction motor, with a three phase
supply line; a power modulation means for controlling the
power of the compressor according to i1ts load needs;
wherein each compressor 1s switchable, independently from
the respective other compressor(s), to be connected, during,
start-up and acceleration of the respective compressor, to the
common variable frequency drive, and to be connected,
during rated-speed operation of the respective compressor,
to a common three phase grid voltage supply

With such a compressor unit, too high inrush currents are
reliably avoided. Costly transformers that are often provided
at the grnid voltage side 1n conventional systems 1n order to
avoid high inrush currents can be omitted.

The compressor unit according to exemplary embodi-
ments of the invention 1s also less expensive compared to
systems 1n which a variable frequency drive unit 1s
employed which permanently supplies power to the com-
pressor(s). Compared to such a system, the compressor unit
according to exemplary embodiments of the present inven-
tion has a better efliciency at higher speeds, particularly at
the rated speed of the compressor motor.

The term “‘rated speed” 1s understood as the speed at
which a fixed speed compressor 1s running 1n normal opera-
tion, for example 50 Hz or 60 Hz, depending on the supply.
At this rated speed, the power modulation means, particu-
larly the slide valve 1n case of a screw compressor or a guide
vane 1n case of a centrifugal compressor, 1s used to control
the compressor power during normal operation.

The speed of the compressor 1s often given 1 rpm
(revolutions per minute), and it represent the rotational
speed of the rotor. The frequency, given 1n Hertz, represents
the frequency of the AC voltage. The relationship between
frequency and speed ol a compressor motor 1s speed=
(frequencyx60x2)/(pole pairs of motor).

The compressors of the compressor unit according to
exemplary embodiments of the invention can be fixed speed
compressors that are not used with a variation of speed to

10

15

20

25

30

35

40

45

50

55

60

65

2

manage or control 1ts power, but where a power modulation
means 1s provided for controlling the power of the compres-
sor according to 1ts load needs.

The rated voltage, the rated speed and sometimes other
parameters ol a compressor motor are often indicated on its
nameplate. A compressor motor that 1s running at rated
speed 1s supplied at 1ts rated voltage and at its rated
frequency. The nameplate condition (voltage, frequency,
mechanical speed, load, cos phi, etc.) in which a compressor
motor 1s operating 1s oiten referred to a rated condition.

Also the fact that two or more compressors share one
common variable frequency drive contributes to lower cost
of the compressor unit.

Since the motor of a compressor unit, according to
exemplary embodiments of the invention, 1s not driven via
the common VFD during rated speed operation, but rather
by a direct connection to the common three phase gnd
voltage supply, the VFD can be sized for lower power
requirements, which also contributes to keeping the cost for
the entire compressor unit low.

With compressor units according to exemplary embodi-
ments of the mvention as described herein the common
variable frequency drive 1s used only for the start-up and/or
acceleration phase which can also be called ramp-up phase.
Once the compressor has reached its rated speed, 1t 1s
switched over to be connected to the common three phase
orid voltage supply, and the variable frequency drive is
switched off. In this way, the maximum efliciency can be
obtained, since the vanable frequency drive 1s not connected
to the compressors at rated speed operation of the same.

Since the common VFED i1s only used during start-up
and/or acceleration of the respective compressor and 1s not
used to operate the compressor motor under load in its
operational mode, the ethciency of the compressor unit 1s
higher compared to compressors which are operated via the
VFED also 1n their operational mode, and particularly at their
rated speed. The efliciency improvement 1s expected to be in
the range of 3 to 4%.

Also, by using three lines supplying three phase current to
connect the compressor motor(s) both to the common three
phase grid voltage supply and to the common variable
frequency drive, instead of six lines as it 1s sometimes the
case, also the costs for the current supply lines can be
reduced.

According to exemplary embodiments of the invention, as
described herein, although one common variable frequency
drive 1s used for start-up and/or acceleration of all the
compressors, each of the compressors can be connected,
started-up, accelerated, and operated individually and inde-
pendently from the other compressors, to match the load
needs, particularly changing load needs, at the evaporator
side of the refrigeration circuit.

Furthermore, no current harmonics occur at full load.
Rather, such current harmonics only occur as transients in
the start-up and acceleration phases. Moreover, there 1s no
permanent total harmonic distortion.

According to the first embodiment, the three phase power
supply line of each compressor comprises a three phase
variable frequency supply connected to the common vari-
able frequency drnive, and a three phase supply line to
compressor configured to be connected to the common three
phase grid voltage supply; the three phase supply line to
compressor having a first switch; and the three phase vari-
able frequency supply having a second switch. With this
embodiment, the functionality of each compressor being
individually connectable to the common variable frequency
drive, during start-up and acceleration of the respective
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compressor, or to the common three phase common supply,
during rated speed operation, can be implemented in a
simple and cost-eflective manner. The switching over from
the three phase variable frequency supply to the three phase
orid voltage supply can be effected easily and reliably by
opening the second switch and closing the first switch.

According to a further embodiment, each of the compres-
sors 1s one ol a screw compressor and a centrifugal com-
pressor. According to a further embodiment, each of the
compressors 1s configured to run at 1ts rated speed.

In case of a screw compressor, the power modulation
means can be formed as a slide valve. In case of a centrifugal
compressor the power modulation means can be formed as
a guide vane.

Such power modulation means perform the power man-
agement ol the compressor. Typically, the power modulation
means 15 kept at 1ts minimum power/minimum load position
during the start-up and acceleration phase to minimize the
power. Once the respective compressor 1s energized at its
rated speed, the power modulation means 1s modulated and
particularly moved to a igher power/load position or to its
maximum power/load position, 1n order to meet the load
needs at the evaporator side.

According to a further embodiment, the common variable
frequency drive has a maximum power which corresponds
to less than 100%, particularly to about 15 to 60%, particu-
larly 30 to 60% of the power of at least one of the
compressors running at nominal voltage, at rated speed, at
tull load, and with the power modulation means being at 1ts
maximum power position. As will be explained 1n more
detail below, the common variable frequency drive can be
undersized versus the nominal power consumption of the
compressor motor(s) by 15 to 60%, particularly 30 to 60%,
thereby making 1t possible to use a cheaper and smaller
variable frequency drive.

According to a further embodiment, the compressor unit
further a control unit 1n signal communication with the
common variable frequency drive via a control line, with the
second switch of the three phase variable frequency supply
of each compressor via respective control lines, with the first
switch of the three phase supply line of each compressor via
respective control lines, and with the power modulation
means of each compressor via respective control lines;

wherein the control umit 1s configured to perform the
following steps:

(a) connecting the compressor to the common variable
frequency drive by closing the second switch in the
three phase supply line;

(b) driving the common variable frequency drive such that
the speed of the compressor 1s increased 1n a start-up
phase and/or in an acceleration phase to a switch over
frequency value which corresponds to the rated speed
of the compressor or to a speed slightly higher than the
rated speed of the compressor;

(c) stopping the common variable frequency drive and
disconnecting the compressor from the common vari-
able frequency drive by opening the second switch 1n
the three phase variable frequency supply line;

(d) connecting the compressor to the three phase gnd
voltage supply by closing the first switch in the three
phase supply line and operating the compressor with its
rated speed; and

(¢) increasing the compressor power though operating the
power modulation means, in order to meet the load
needs.

Further exemplary embodiments of the invention relate to

a method of operating a compressor unit, as described
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4

herein, 1n a refrigeration circuit, particularly to a method of
starting up and accelerating the compressors of a compressor
unit, as described herein, 1n a refrigeration circuit, and of
increasing their power to meet the load needs, The method
comprises the steps of:

(a) connecting the compressor to the common variable
frequency drive by closing the second switch in the
three phase supply line;

(b) driving the common variable frequency drive such that
the speed of the compressor 1s increased 1n a start-up
phase and/or in an acceleration phase to a switch over
frequency value which corresponds to the rated speed
of the compressor or to a speed slightly higher than the
rated speed of the compressor;

(c) stopping the common variable frequency drive and
disconnecting the compressor from the common vari-
able frequency drive by opening the second switch 1n
the three phase variable frequency supply line;

(d) connecting the compressor to the three phase gnd
voltage supply by closing the first switch in the three
phase supply line and operating the compressor with its
rated speed; and

(¢) increasing the compressor power though operating the
power modulation means, in order to meet the load
needs

Such operation/method reliably avoids a high inrush
current, uses a common VFD only for the start-up and/or
acceleration phase of the compressor motor and switches the
compressor motor over to be connected to the three phase
power supply line, once the compressor has been accelerated
to run at its rated speed. The power management 1s made by
the operation of the power modulation means, when the
compressor 1s running at 1ts rated speed and connected to the
three phase supply line to compressor. This concept i1s
inexpensive and reliable. The variable frequency drive can
have a comparably small size. Only three lines are needed
for the common variable frequency drive line and the gnid
voltage supply lines to the compressors. By driving the
compressor motor(s) through the three phase supply line to
compressor, when the compressors are under load, maxi-
mum eiliciency can be ensured.

Although the attached set of claims does not include
dependent method claims for the embodiments of the
method of operating a compressor unit as described herein-
alter, the applicant explicitly reserves the right to put up such
method claims at a later stage of the procedure.

According to a further embodiment, for each compressor
a respective VED relay 1s arranged 1n the control line to the
common variable frequency drive and the respective control
line to the second switch of the three phase variable fre-
quency supply, the VFD relay being configured to enable the
current supply to the VFD when the respective second
switch 1s closed and to disable the current supply to the VFD
when the respective second switch 1s opened. In operation,
the control unit causes the VFD relay to enable the current
supply to the VFD, when the second switch 1s closed 1n or
after step (a). The VFD relay contributes to a sale operation
of the compressor unit, since it allows the common VFD to
be enabled only when the second switch 1s energized and
closed, and since the common VFD will automatically and
reliably be disabled 11 the second switch 1s caused to open.

According to a further embodiment, for each compressor
a respective delay relay 1s arranged in the respective control
line to the first switch of the three phase supply line to
compressor and 1n the respective control line to the second
switch of the three phase variable frequency supply; wherein
the delay relay i1s configured to keep the respective first
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switch open as long as the respective second switch 1s closed
and to allow the respective first switch to be closed only with
a predetermined delay atter the respective second switch has
been closed. In operation, the control unit causes the delay
relay to introduce a delay between the opening of the second
switch 1n step (¢) and the closing of the first switch 1n step
(d). The delay relay also contributes to a safe operation of
the compressor unit, since 1t ensures that the first and second
switches for the same compressor are not closed simultane-
ously. Furthermore, the delay relay introduces some delay
between opening of the second switch and closing of the first
switch for one and the same compressor, which allows for a
convenient switching over from the common VFD driving
the respective compressor to the three phase grid voltage
supply driving the compressor. This helps keeping transient
currents low.

According to a further embodiment, for each compressor
a respective priority relay 1s arranged in the respective
control line to the first switch of the three phase supply line
to compressor and in the respective control line to the second
switch of the three phase variable frequency supply; wherein
the priority relay 1s configured to disable the VFD and to
open the respective second switch of the three phase variable
frequency supply, when the respective first switch 1s acti-
vated. In operation, the control unit activates the priority
relay 1n step (c), such that the VFD relay disables the VFD,
so that the second switch 1s opened, and that the delay relay
causes a delay between the opening of the second switch 1n
step (¢) and the closing of the first switch 1n step (d). The
priority relay contributes to a stable and reliable control of
the compressor unit, since 1t associates the highest priority
to the command transmitted over the control line to the first
switch. The delays between the opening of the second switch
and the closing of the first switch are therefore managed only
via the delay setting. There 1s no further software function
necessary.

According to a further embodiment, the compressor
power can be increased directly after the connecting step (a)
to an intermediate compressor power level, by increasing the
power modulation means position between the start-up
phase and the acceleration phase. This particular embodi-
ment may be used to efliciently manage the dynamics after
start-up. Typically, the power modulation means position 1s
only increased slightly.

According to a further embodiment, the start-up phase 1s
performed while the power modulation means 1s 1n its
mimmum position. This contributes to a smooth start-up of
the respective compressor.

According to a further embodiment, the method steps (a)
to (e) are repeated for the second compressor and each
turther compressor, 1 any, depending on the load needs at
the evaporator side.

According to a further embodiment, a further step (1) 1s
performed after step (d) or (¢), namely stopping the com-
pressor by disconnecting the three phase power supply line
from the three phase supply line to compressor by opening
the second switch. Such stopping i1s usually done while the
power modulation means 1s at 1ts minimum power position.
This allows for an easy and quick shutdown of the respective
compressor without having to employ the variable frequency
drive during shutdown.

According to a further embodiment, the three phase grid
voltage supply 1s part of a compressor unit, wherein the
common variable frequency drive i1s connected to the three
phase grid voltage supply.

Further exemplary embodiments of the invention, as
described herein, relate to a refrigeration circuit, comprising,
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6

in the direction of flow of a circulating refrigerant, a
compressor unit as described herein; a condenser; an expan-
s1on device; and an evaporator; wherein the inlet ports of the
compressors of the compressor unit are in refrigerant coms-
munication, via a suction line, with an outlet of the evapo-
rator; and wherein the outlet ports of the compressors of the
compressor unit are 1n refrigerant communication, via a
pressure line, to an inlet of the condenser.

Embodiments of the invention are described in greater
detail below with reference to the figures, wherein:

FIG. 1 shows a schematic view ol a compressor unit
comprising a three phase grid voltage supply, a common
variable frequency drive, a first compressor and a second
COMpPressor;

FIG. 2 shows a slide valve opening degree chart, an
operational speed chart and an overall power chart, that are
aligned vertically such that their X-axes correspond to each
other; and

FIG. 3 shows a control schematic for controlling the
compressor unit of FIG. 1.

FIG. 1 shows a schematic view of a compressor unit 2
comprising a three phase grid voltage supply 4, a common
variable frequency drive 6, a first compressor 8 and a second
compressor 10.

The first compressor 8 and the second compressor 10 are
screw compressors of the same type, and same elements are
designated with the same reference numerals, respectively.

The compressor unit 2 can be part of a vapor compression
refrigeration circuit, which comprises, in the direction of
flow of a circulating refrigerant, the first and the second
compressors 8, 10, a condenser, an expansion device and an
evaporator. The vapor compression refrigeration circuit can
also comprise further elements like a collecting container, a
freezing branch and so on.

The first and second compressors 8 and 10 have a com-
pressor housing 1n which rotors 22 driven by a compressor
motor 18, particularly an alternating current induction
motor, via a shaft 20 are situated. The structure and opera-
tion of such screw compressor 8, 10 1s only explained
brietly, for purposes of better understanding of the claimed
subject-matter.

Low pressure refrigerant that has been expanded in an
evaporator flows through a suction line to an inlet port 12 of
the respective compressor 8/10, 1s compressed therein by the
rotors 22 to a higher pressure level and exits the respective
compressor 8/10 through the outlet port 14, and through a
pressure line attached thereto and flows to the condenser.

The compressors 8 and 10 further comprise a respective
power modulation means, which 1s formed 1n the present
non-limiting embodiment, 1n which the compressors 8 and
10 are screw compressors, as a slide valve 24 comprising a
slide 26 movable 1n a left/right direction by means of an
actuator 28, and a control port 16. Movement of the slide 26
to the lett and to the right increases and decreases the actual
suction volume and consequently increases and decreases
the compressor power.

When the slide 26 1s 1n 1its left position, not shown, the
slide valve 24 1s open and the respective compressor 8/10
delivers 1its maximum power, whereas, when the slide 26 1s
in 1ts right position as depicted 1n FIG. 1, the slide valve 1s
closed and the respective compressor 8/10 delivers 1ts mini-
mum power.

In the present, non-limiting embodiment, the compressors
8 and 10 are screw compressors having a rated voltage of
400V at 50 Hz and that are equipped with slide valves 24.

For a compressor motor to be run at fixed speed on
network voltage grid, 1t 1s required that the voltage/ire-




US 10,948,225 B2

7

quency of the voltage grid source shall be coincident with
the motor rated voltage/frequency nameplate. A motor
400V/50 Hz can be run at fixed speed on a grid, whereas for
example a motor 400V/90 Hz cannot be run fixed speed on
a grid, since such V/1 1s not existing 1n conventional power
sources.

In another embodiment (not shown), the compressors 8
and 10 can be centrifugal compressors, and the power
modulation means 1s formed as a respective guide vane.

In the present, non-limiting embodiment, the three phase
orid voltage supply 4 supplies a grid voltage of 400V at 50
Hz or a gnid voltage 450V at 60 Hz. The three phase gnid
voltage supply 4 1s connected via three phase supply lines
32-1 and 32-2 to the compressor motors 18 of the first and
second compressors 8 and 10.

The three phase supply lines 32 are equipped with respec-
tive first switches 34-1 and 34-2, that can be switched, by a
control umt 40, between an opened, interrupted position and
a closed conductive position.

The common variable frequency drive (common VFD) 6
1s connected with 1ts iput side to the three phase gnd
voltage supply 4. This common VFD 6 may controllably
increase the magnitude and frequency of voltage applied to
the compressor motors 18 of the first and second compres-
sors 8 and 10 both during start-up and acceleration. The
voltage magnitude and frequency may start at very low
values and may then increase to the rated voltage of the
compressor motors 8 and 10 and to the frequency of the
three phase grnid voltage supply 4, as the compressor motors
18 reach the rated speed.

The common VFD 6, which 1s one unit and which 1s not
formed by separate VFDs per compressor motor 18, can be
connected to the compressor motors 18 of the first and
second compressors 8 and 10 by three phase variable
frequency supplies 36-1 and 36-2, each of which 1s equipped
with a second switch 38-1 and 38-2, respectively.

Again, the second switches 38-1 and 38-2 can be
switched, by the control unit 40, between an open, inter-
rupted position (as shown 1 FIG. 1) and a closed, conduc-
tive position. The three phase variable frequency supply
exits the common VFD 6 as one line and branches 1nto two
three phase variable frequency supplies 36-1 and 36-2, the
first one leading to the compressor motor 18 of the first
compressor 8, particularly jomning the three phase supply
line 32-1 at a position before the compressor motor 18 of the
first compressor 8, and the second one leading to the
compressor motor 18 of the second compressor 10, particu-
larly joining with the three phase supply line 32-2 at a
position before the compressor motor 18.

The control unit 40 1s connected, via control lines 42, to
the common VFD 6, to the first switches 34-1 and 34-2 of
both three phase supply lines 32-1 and 32-2, to the second
switches 38-1 and 38-2 of both three phase variable fre-
quency supplies 36-1 and 36-2 and to the slide valves 24 of
the first and second compressors 8 and 10.

Furthermore, the control unit 40 receives control signals
indicating the desired operational mode of the first and
second compressors 8 and 10, particularly depending on the
load needs at the evaporator side.

The compressor unit 2 can comprise a third compressor,
a fourth compressor and so on (not depicted). Each further
compressor can be connected to the three phase grid voltage
supply 4 and to the common VFD 6 via a dedicated three
phase supply line having a first switch and via a dedicated
three phase variable frequency supply having a second
switch. The control lines 42 would have to be connected to
said first and second switches and to the slide valve of such
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further compressor in the same manner as described with
respect to the first and second compressors 8 and 10.

FIG. 2 shows a slide valve opeming degree chart 44, an
operational speed chart 46 and an overall power chart 48,
that are aligned vertically such that their X-axes correspond
to each other.

The curves of the three charts 44, 46 and 48 comprise ten
dedicated pomts 1 time 1 to 10 with lines extending
between adjacent points 1n time. The first six points 1n time
1 to 6 belong to a first circuit A, 1n which the first compressor
8 1s started, accelerated and brought to 1ts rated speed and
tull load, and to a second circuit B, to which the points 1n
time 6 to 10 belong, 1n which the second compressor 10 1s
started, accelerated and brought to 1ts rated speed and full

load.

Below, the method for starting the compressors 8 and 10
and bringing them to the rated speed and the required power
will be explained 1n detail.

In the beginning, at point 1, the compressors 8 and 10 are
switched off. At point 1, the control unit 40 connects the
three phase grid voltage supply 36-1 of the first compressor
8 to the common variable frequency drive 6 by closing the
second switch 38-1. The slide valve 24 1s at its minimum

position, which 1s in the present non-limiting embodiment at
30%.

Subsequently, between points 1 and 2, the control unit 40
causes the common VFD 6 to start-up the compressor 8 and
increase 1ts operational speed from 0 to 20 Hz, which
increase can well be seen 1n the operational speed chart 46
and 1n the power chart 48. The start-up phase between 1 and
2 typically takes 1 to 2 seconds.

Between points 2 and 3, the operational speed of the
compressor 8 1s not further being increased by the common
VED 6, but rather kept constant. In this phase, the dynamics
of the compressor 8 1s managed by slightly increasing the
slide valve 24 position. In the present, non-limiting embodi-
ment the slide valve 24 position 1s increased from its 30 to
its 40% position. This increase can well be seen 1n the slide
valve opening degree chart 44 and in the power chart 48.

Between points 3 and 4, the control unit 40 causes the

common VFD 6 to increase the operational speed of the
compressor 8 to reach 1ts rated speed of 50 Hz. In this phase,
the position of the slide valve 24 remains unchanged. This
can well be seen 1n the operational speed chart 46 and 1n the
power chart 48. This phase can be called acceleration phase.
In this acceleration phase, the slide valve position 1is
unchanged, as can well be seen 1n the slide valve opening
degree chart 44. In the acceleration phase the compressor’s
speed 1s ramped-up to 50 Hz with an acceleration typically
being in the range of 0.5 to 2 Hz/s. By keeping the slide
valve 24 closed, the power 1s mimmal.

At point 4, the compressor 8 has reached its rated speed
of 50 Hz. At this point 1n time, the control unit 40 turns off
the common VFD 6, disconnects the compressor 8 from the
common VFD 6 by opening the second switch 38-1 and
closes the first switch 34-1 1n the three phase supply line 32,
such that the compressor 8 will now be powered directly by
the three phase grid voltage supply 4. The compressor 8
continues to operate with its rated speed of 50 Hz. At 4, the
switchover 1s done once the transient current to 50 Hz 1s
over. When the common VFD 6, 1s stopped, it can be
freewheeling.

Between points 4 and 35, the standard load management
using the slide valve 24 is carried out. As can well be seen
in the slide valve opening degree chart 44, between points 1n




US 10,948,225 B2

9

time 4 and 5 the slide valve 1s moved from 1its 40% position
to 1ts full 100% power position 1 order to meet the load
needs at the evaporator side.

If the refrigeration circuit needs more cooling capacity at
the evaporator side, which 1s the case 1n the present non
limiting embodiment, the second compressor 10 1s started
using the same approach as has been applied for the first
compressor 8. In the present, non limiting embodiment the
load needs are such that both the first compressor 8 and the
second compressor 10 are needed to deliver full power.

The time spans between points 3 and 6 form a hysteresis
phase, to ensure that further load 1s demanded from the
evaporator side and that the control unit 40 decides to
continue with circuit B, namely to start-up, accelerate and
operate the second compressor 10 1n addition to the first

compressor 8.

For the second compressor 10, in the circuit B, the same
actions are performed between the points in time 6 to 10 as
have been performed with respect to the first compressor 8
between points 1n time 1 and 5, namely start-up phase
between 6 and 7, slide valve increase phase between 7 and
8, compressor acceleration phase between 8 and 9, and load
management phase between 9 and 10.

The course of the charts 44 and 46 in circuit B between
points 1n time 6 to 10 corresponds to the course of the chart
in circuit A between points 1n time 1 and 5.

According to point 3 of the overall power chart 48, the
power needed for operating the first compressor 8 at its rated
speed and at its full load corresponds to 50% of the overall
power, whereas at point 10 the power needed for operating
the first and second compressors 8 and 10 at their rated speed
and at their full load 1s 100% and equals the overall power.

If the compressor unit 2 1s to be stopped, the compressors
8 and 10 can just be disconnected from the three phase grnid
voltage supply 4 by openming the first switch (es) 34-1 and
34-2, respectively. The shutting down of a compressor 1s
usually done when the slide valve 24 1s at 1ts minimum load
position.

The common VFD 6 can be sized such that 1t delivers its
maximum power possible which 1s at a level which corre-
sponds to point 4 only. This makes 1t possible to make the
common VFD 6 much smaller as compared to a scenario
where the VFD would have to deliver a maximum power
corresponding to point 3.

As can easily be understood, each time there 1s a need to
start a further compressor, the same phases of start-up,
acceleration and operation, as described herein, are repeated.

FI1G. 3 shows a control schematic 50 comprising the three
phase grid voltage supply 4, the three phase supply lines
32-1 and 32-2 connecting the three phase grid voltage
supply 4 to the first and second compressors 8 and 10, and
the first switches 34-1 and 34-2 provided 1n these three phase
supply lines 32-1 and 32-2, the variable frequency drive 6
connected with 1ts mput to the three phase grid voltage
supply 4 and with its output to the three phase variable
frequency supplies 36-1 and 36-2, 1n which respective
second switches 38-1 and 38-2 are arranged, to the first and
second compressors 8 and 10, and the control umt 40.

These elements are 1dentical to the respective elements of
the compressor unit 2 shown 1n FIG. 1, whereas the com-
pressors 8 and 10 are depicted 1n a simplified manner. For
brevity, the description of these elements 1s not repeated
here.

The lines from the three-phase current supply 4 to the first
switches 34-1 and 34-2 and to the common VFD 6 are
provided with respective fuses 62.

10

15

20

25

30

35

40

45

50

55

60

65

10

For purposes of better understanding of the function of the
control unit 40, the control lines and their elements are
shown 1n greater detail.

The first control line 52 1s the control line C1 for operating,
the first switch 34-1 1n the three phase supply line 32-1
leading to the first compressor 8.

The second control line 54 1s the control line C2 for
operating the first switch 34-2 in the three phase supply line
32-2 leading to the second compressor 10.

The third control line 56 1s the control line VED enable for
ecnabling the VFD 6

The fourth control line 58 1s the control line VFDI1 for
operating the second switch 38-1 1n the three phase variable
frequency supply 36-1 leading from the VFD 6 to the first

compressor 8.

The fifth control line 60 1s the control line VFD2 for
operating the second switch 38-2 1n the three phase variable
frequency supply 36-2 leading from the VFD 6 to the second

compressor 10.

The sixth control line 72 1s the control line for controlling
the slide valve 24 of the first compressor 8.

The seventh control line 74 1s the control line for con-
trolling the slide valve 24 of the second compressor 10.

Two respective VFD enable relays 64-1 and 64-2 are
arranged 1n the control lines 56 and 58 and 1in the control
lines 56 and 60.

Two respective priority relays 68-1 and 68-2 and two
respective delay relays 70-1 and 70-2 are provided between
the control lines 52 and 58 and between the control lines 54
and 60.

Now the method for operating the compressor unit 2,
particularly the method of starting up and accelerating the
compressors 8 and 10 of the compressor unit 2 from an 1dle
stage to an operational state and of increasing their power to
meet the load needs, 1s explained.

In the beginning, the slide valves 24 of the first and second
compressors 8 and 10 are unloaded which means that the
respective compressor 1s 1n 1fs minimum power position.
The prionty relays 68-1 and 68-2 are in their default closed
state, the delay relays 70-1 and 70-2 are in their default
closed state, and the first switches 34-1 and 34-2 as well as
the second switches 38-1 and 38-2 are 1n their default open
state.

The control unit 40 transmits a VFD 1 signal on the
control line 58 which causes the VFD enable relay 64-1 to
close, which causes the delay relay 70-1 to open, and which
causes the second switch 38-1 1n the three phase variable
frequency supply 36-1 to the first compressor 8 to close.

Then the control unit 40 generates a VFD enable high
signal on the control line 56 which 1s transmitted over the
VFED enable relay 64-1 to the common variable frequency
drive 6 and which causes the common VFD 6 to start.

The compressor 8 1s started up accordingly, and this
start-up phase corresponds to the phase between points 1n
time 1 and 2 i FIG. 2. The starting speed of the common
VFED 6 will be set 1into the common VFD 6 and 1s less than
the rated speed. According to points in time 2 and 3 of FIG.
2 the starting speed 1s 20 Hz.

Subsequently, the common VFD 6 output frequency 1s
brought up to a switch over frequency value, and this
corresponds to the acceleration phase between points 1n time
3 and 4 1n FIG. 2, where the switch over frequency value 1s
50 Hz but can also be slightly higher, as will be explained
below.

The acceleration of the common VFD 6 output frequency
to the switch over frequency value can be done either via
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communication or via preset settings, especially cruise fre-
quency and acceleration ramp inside the common VFD 6.

After the common VFD 6 output frequency has been
brought up to the switch over frequency value which cor-
responds to point 1 time 4 of FIG. 2, the control unit 40
generates a C1 signal high on the control line 52, which
signal activates the priority relay 68-1, such that the switch
of the priority relay 68-1 in the control line 58 1s opened,
which causes the VFD enable relay 64-1 to open as well,
which disables the common VFD 6, which de-energizes the
delay relay 70-1 and thus closes the switch of the delay relay
70-1 in the control line 52, and which de-energizes the
second switch 38-1 in the three phase variable frequency
supply 36 to the first compressor 8 such that this second
switch 38 1s opened and the compressor 8 will be discon-
nected from the output of the common VFD 6.

The generation of the C1 signal high on the control line
52 further causes the first switch 34-1 1n the three phase grnid
voltage supply 32-1 to the first compressor 8 to be energized
and thus closed, such that the first compressor 8 1s now
connected with the three phase grid voltage supply 4 via the
three phase grid voltage supply 32-1.

It 1s to be noted that in order to avoid a high transient
current, the first switch 34-1 1s only closed after the second
switch 38-1 has been opened.

The control unit 40 can further generate a VFD 1 low
signal on the control line 58 and a VFD enable low signal on
the control line 58, since the common VFD 6 1s no more
needed to start up or accelerate the compressor 8. The
compressor 8 1s now operating at 1ts rated speed and 1is
connected to the three phase grid voltage supply 4 via the
three phase grid voltage supply 32-1.

The point in time at which the control unit 40 generates
the C1 high signal on the control line 52, optionally the VFD
1 low signal on the control line 58 and optionally the VFD
enable low signal on control line 56 corresponds to the point
in time 4 of FIG. 2.

Now, the control unit 40 generates a slide valve control
signal on the control line 72 leading to the first slide valve
24, which causes the slide valve 24 to change to its power
position corresponding to the actual load needs of the
refrigeration circuit, for example to its fully loaded, maxi-
mum power position.

This phase corresponds to the load increase phase
between points 1 time 4 and 35 1n FIG. 2.

It has to be noted that the slide valve 24 can be modulated
according to the load demand of the refrigeration circuit and
can take any power position between the minimum and
maximum power positions.

After the compressor 8 has been started up, accelerated
and brought up to full load as has been explained before, the
same steps can be repeated for the second compressor 10
using the respective elements: VFD enable relay 64-2,
priority relay 68-2, delay relay 70-2, first and second
switches 34-2 and 38-2, control lines 54, 56, 60, 74, three
phase grid voltage supply 32-2 to the second compressor 10,
and three phase variable frequency supply 36-2 to the
second compressor 10. An explanation of these steps will be
omitted for reasons of brevity.

In order to stop compressor 8 and/or compressor 10 the
control unit 40 changes the C1 signal on control line 52
and/or the C2 signal on control line 54 from high to low.
Both compressors 8 and 10 can be stopped simultaneously.

If the compressor 8 or the compressor 10 1s still in the
start-up or acceleration phase, it can be stopped by the
control unit 40 putting the VFD 1 signal on control line
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58/the VFD 2 signal on control line 60 and the VFD enable
signal on control line 56 from high to low.

The time 1nterval between the second switch 38-1/38-2 1n
the three phase variable frequency supply 36-1/36-2 1s
opened and the first switch 34-1/34-2 in the three phase grid
voltage supply 32-1/32-2 1s closed, constitutes a compressor
voltage dead time 1n which the compressor motor 1s decel-
erating and defluxing.

The motor of the compressor 8 1s accelerated using the
common VFD 6, as has been explained before, to a speed of
2900 revolutions per minute. During such compressor volt-
age dead time the compressor motor decelerates by 200 rpm
to 2700 rpm. After the first switch 34-1 has been closed and
the first compressor 8 1s connected to the three phase gnid
voltage supply 4, there will be a transient current, 1n order
to recover the deceleration of 200 rpm and in order to
accelerate the motor of the compressor 8 again to a speed of
2900 rpm. Such transient current 1s comparably small.

This situation 1s not depicted in FIG. 2. In order to show
this phenomenon, there would be a decrease 1n the opera-
tional speed chart 46 in point 4 in FIG. 2

According to an alternative embodiment, such decelera-
tion of the motor of the compressor 8/10 i between the
opening of the second switch 38-1/38-2 and the closing of
the first switch 34-1/34-2 i1s taken into consideration as
follows:

The switch over frequency value to which the motor of the
first compressor 8, and likewise the motor of the second
compressor 10 are accelerated by the common VFD 6 can be
slightly increased to a value corresponding to the rated speed
of the compressor motor plus the expected deceleration. The
switch over frequency value can be 1 to 10% higher than the
rated speed of the compressor.

In a concrete example, the switch over frequency value
can be increased over the rated speed of 50 Hz by 2 to 5 Hz
up to 52 to 55 Hz approx., such that the speed of the
compressor motor 8 before the dead time 1s pushed up to
approximately 3000 to 3200 rpm approximately. In the
compressor voltage dead time between opening the second
switch 38-1/38-2 and closing the first switch 34-1/34-2, the

compressor will decelerate from 3000 to 3200 rpm down to
2800 to 3000 rpm and thus the acceleration need after that
to bring the compressor to 1ts rated speed again 1s very small,
or there 1s even no acceleration needed at all. Thus, there will
only be a very small transient current to accelerate the motor
or even no transient current at all.

According to a further aspect, the common VFD 6 has a
maximum power which corresponds to less than 100%,
particularly to 15 to 60%, particularly 30 to 60% of the
power needed by the first compressor 8 or the second
compressor 10 running at nominal voltage, at rated speed.,
and at full load with the slide valve 24 being 1n 1ts maximum
power position. This can also be called that the common
VFED 6 1s undersized versus the motor rating.

At the point 1n time when the second switch 38-1/38-2 1s
opened and the common VFD 6 1s disconnected from the
first compressor 8 or the second compressor 10, the slide
valve 24 1s 1n 1ts minimum power position and the power
consumption of the motor of the first compressor 8/second
compressor 10 1s much less than the nominal consumption
of the motor.

According to the nominal power consumption of the
compressor motor, the compressor motor 1s powered at
nominal voltage and rated speed, for example 400 Volt/50
Hz or 460 Volt/50 Hz, and the power modulation means, for
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example the slide valve, 1s fully loaded such the compressor
delivers its maximum power to satisty the maximum load
condition.

Compared to such nominal power consumption of the
compressor 8/10, the common VFED 6 only has to supply a
power which corresponds to the power consumption of the
compressor motor with the power modulation means, for
example the slide valve, being 1n its fully unloaded, mini-
mum power position. Therefore, the maximum power that
has to be supplied by the common VFD 6 typically corre-
sponds to 15 to 60%, particularly to about 30 to 60% of the
nominal power consumption of the compressor motor.

Such undersized common VFD 6 1s cheaper and smaller
than a VFD which has to supply the full nominal power to
the compressor motor with the power modulation means
being 1n its maximum power position.

While the invention has been described with reference to
an exemplary embodiment, it will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereot without
departing from the scope of the invention. In addition,
modifications may be made to adapt a particular situation or
maternal to the teachings of the invention without departing
from the essential scope thereof. Therefore, 1t 1s intended
that the invention 1s not limited to the particular embodiment
disclosed, but that the invention will include all embodi-
ments falling within the scope of the appended claims.

LIST OF REFERENCE NUMERALS

2 compressor unit

4 three phase grid voltage supply

6 common variable frequency drive
8 first compressor

10 second compressor

12 inlet port

14 outlet port

16 control port

18 compressor motor

20 shaft

22 rotors
24 slide valve

26 slide

28 step motor

32-1, 32-2 three phase supply lines to compressor
34-1, 34-2 first switches

36-1, 36-2 three phase vanable frequency supply
38-1, 38-2 second switches

40 control unit

42 control lines

44 slide valve opeming degree chart

46 operational speed chart

48 overall compressor power chart

50 control schematic

52 control line C1
line C2

54 control
56 control line VFD enable

58 control line VFD 1

60 control line VFD 2

62 fuses

64-1, 64-2 VFD enable relays
68-1, 68-2 priority relays

70-1, 70-2 delay relays

72 control line first slide valve
74 control line second slide valve
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The mnvention claimed 1s:
1. Compressor unit for use in a relrigeration circuit,
comprising
at least two compressors; and
a common variable frequency drive, configured to be
connected to a three phase grid voltage supply;
cach compressor having
an 1nlet port configured to be 1n refrigerant communi-
cation, via a suction line, with an outlet of an
evaporator;
an outlet port configured to be 1n refrigerant commu-
nication, via a pressure line, to an inlet of a con-
denser;
a compressor motor, particularly an alternating current
induction motor, with a three phase supply line;
a power modulation means for controlling the power of
the compressor according to 1ts load needs;
wherein each compressor 1s switchable, independently
from the respective other compressor, to be connected,
during start-up and acceleration of the respective com-
pressor to the common variable frequency drive, and to
be directly connected, during rated-speed operation of
the respective compressor, to a common three phase
orid voltage supply;
wherein the power modulation means 1s configured to be
kept at its minimum power position during start-up and
acceleration of the respective compressor to minimize
the power; and
wherein the power modulation means 1s configured to be
modulated and moved to a higher power position or to
its maximum power position, 1n order to meet the load
needs at the evaporator side, during rated-speed opera-
tion of the respective compressor.
2. Compressor unit according to claim 1,
wherein each compressor comprises a three phase vari-
able frequency supply connected to the common vari-
able frequency drive, and the three phase supply line
configured to be connected to the common three phase
orid voltage supply;
the three phase supply line having a first switch; and
the three phase variable frequency supply having a second
switch.
3. Compressor unit according to claim 1,
wherein each of the compressors 1s one of a screw
compressor and a centrifugal compressor, and/or,
wherein each of the compressors 1s configured to run at 1ts
rated speed.
4. Compressor unit according to claim 1,
wherein the power modulation means has a minimum
power position and a maximum power position; and/or
wherein 1 case of a screw compressor the power
modulation means 1s formed as a slide valve and 1n case
of a centrifugal compressor the power modulation
means 1s formed as a guide vane.
5. Compressor unit according to claim 1,
wherein the common variable frequency drive has a
maximum power which corresponds to less than 100%,
particularly to 15 to 60%, particularly 30 to 60% of the
power of at least one of the compressors running at
nominal voltage, at rated speed, at full load, with the
power modulation means being at 1ts maximum power
position.
6. Compressor unit according to claim 1,
wherein the three phase grid voltage supply 1s part of the
compressor unit;
wherein the common variable frequency drive i1s con-
nected to the three phase grid voltage supply.
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7. Refngeration circuit, comprising, in the direction of

flow of a circulating refrigerant,

the compressor unit of claim 1;

a condenser;

an expansion device; and

an evaporator;

wherein the inlet ports of the compressors of the com-
pressor unit are in refrigerant communication, via a
suction line, with an outlet of the evaporator; and

wherein the outlet ports of the compressors of the com-
pressor unit are in refrigerant communication, via a
pressure line, to an inlet of the condenser.

8. Method of operating the compressor unit according to

claim 1 1n a refrnigeration circuit, the method comprising:

(a) connecting the compressor to the common variable
frequency drive by closing the second switch in the
three phase supply line;

(b) driving the common variable frequency drive such that
the speed of the compressor 1s increased 1n a start-up
phase and/or 1n an acceleration phase to a switch over
frequency value which corresponds to the rated speed
of the compressor or to a speed slightly higher than the
rated speed of the compressor;

(c) stopping the common variable frequency drive and
disconnecting the compressor from the common vari-
able frequency drive by opening the second switch 1n
the three phase variable frequency supply line;

(d) connecting the compressor to the three phase grnid
voltage supply by closing the first switch in the three
phase supply line and operating the compressor with 1ts
rated speed; and

(¢) increasing the compressor power through operating
the power modulation means, 1n order to meet the load
needs;

wherein the power modulation means 1s kept at 1ts mini-
mum power position during start-up and acceleration of
the respective compressor to minimize the power; and

wherein the power modulation means 1s modulated and
moved to a higher power position or to its maximum
power position, 1 order to meet the load needs at the
evaporator side, during rated-speed operation of the
respective compressor.

9. Compressor unit for use in a refrigeration circuit,

comprising
at least two compressors; and
a common variable frequency drive, configured to be
connected to a three phase grid voltage supply;
cach compressor having
an 1nlet port configured to be 1n refrigerant communi-
cation, via a suction line, with an outlet of an
evaporator;

an outlet port configured to be 1n refrigerant commu-
nication, via a pressure line, to an inlet of a con-
denser;

a compressor motor, particularly an alternating current
induction motor, with a three phase supply line;

a power modulation means for controlling the power of
the compressor according to 1ts load needs;

wherein each compressor 1s switchable, independently

from the respective other compressor, to be connected,

during start-up and acceleration of the respective com-

pressor to the common variable frequency drive, and to

be connected, during rated-speed operation of the

respective compressor, to a common three phase grid

voltage supply;
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wherein the power modulation means 1s configured to be
kept at 1ts mimmum power position during start-up and
acceleration of the respective compressor to minimize
the power; and

wherein the power modulation means 1s configured to be
modulated and moved to a higher power position or to
its maximum power position, 1n order to meet the load
needs at the evaporator side, during rated-speed opera-
tion of the respective compressor;

turther comprising a control unit 1n signal communication
with the common vanable frequency drive via a control
line, with the second switch of the three phase variable

frequency supply of each compressor via respective
control lines, with the first switch of the three phase
supply line of each compressor via respective control
lines, and with the power modulation means of each
compressor via respective control lines;

wherein the control unit 1s configured to perform the
following:

(a) connecting the compressor to the common variable
frequency drive by closing the second switch in the
three phase supply line;

(b) driving the common variable frequency drive such that
the speed of the compressor 1s increased 1n a start-up
phase and/or 1n an acceleration phase to a switch over
frequency value which corresponds to the rated speed
of the compressor or to a speed slightly higher than the
rated speed of the compressor;

(c) stopping the common variable frequency drive and
disconnecting the compressor from the common vari-
able frequency drive by opening the second switch 1n
the three phase variable frequency supply line;

(d) connecting the compressor to the three phase gnd
voltage supply by closing the first switch in the three
phase supply line and operating the compressor with its
rated speed; and

(e) increasing the compressor power though operating the
power modulation means, in order to meet the load
needs.

10. Compressor unit according to claim 9,

wherein for each compressor a respective VFD relay 1s
arranged 1n the control line to the common variable
frequency drive and the respective control line to the
second switch of the three phase variable frequency
supply, the VFD relay being configured to enable the
current supply to the VFD when the respective second
switch 1s closed and to disable the current supply to the
VFD when the respective second switch 1s opened;
and/or wherein the control unit causes the VFD relay to
enable the current supply to the VFD, when the second
switch 1s closed 1n or after step (a).

11. Compressor umt according to claim 9,

wherein for each compressor a respective delay relay 1s
arranged 1n the respective control line to the first switch
of the three phase supply line to compressor and 1n the
respective control line to the second switch of the three
phase variable frequency supply; wherein the delay
relay 1s configured to keep the respective first switch
opened as long as the respective second switch 1s
closed and to allow the respective first switch to be
closed only with a predetermined delay after the
respective second switch has been closed; and/or
wherein the control unit causes the delay relay to
introduce a delay between the opening of the second
switch 1n step (¢) and the closing of the first switch 1n

step (d).
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12. Compressor unit according to claim 9,

wherein for each compressor a respective priority relay 1s
arranged 1n the respective control line to the first switch
of the three phase supply line to compressor and 1n the
respective control line to the second switch of the three
phase variable frequency supply; wherein the priority
relay 1s configured to disable the VFD and to open the
respective second switch of the three phase variable
frequency supply, when the respective first switch 1s
activated; and/or wherein the control unit activates the
priority relay in step (c), such that the VFD relay
disables the VFD, that the second switch 1s opened, and
that the delay relay introduces a delay between the
opening of the second switch 1n step (¢) and the closing
of the first switch 1n step (d).

13. Compressor unit according to claim 9,

wherein the control unit 1s further configured to increase
the compressor power by operating the power modu-

10

15

18

lation means 1 step (b) between the start-up phase and
the acceleration phase.

14. Compressor unit according to claim 9,

wherein the control unit 1s further configured to perform
the start-up phase of step (b) while the power modu-
lation means 1s 1n 1ts minimum power position.

15. Compressor unit according to claim 9,

wherein the control unit 1s further configured to repeat the
steps (a), (b), (¢), (d), and (e) for the second compressor
and each further compressor, 11 any.

16. Compressor unit according to claim 9,

wherein the control unit 1s further configured to perform

a step (1), after step (d) or (e):

stopping the compressor by disconnecting 1t from the
three phase grid voltage supply by opening the first
switch.
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